We discuss cc and bb pair productions at ep collider for studying extremely small x(g) region. It has been shown that Large Hadron electron Collider (LHeC) has a reach of about x(g) > 10 −6 . The aim of this work is to show that the PDF uncertainties in the heavy flavour production. Maximum difference of cross section between PDFs 60% has been found in the process of ep →
INTRODUCTION
The Large Hadron Collider (LHC) will provide unique physics opportunities for SM and BSM physics. In hadron colliders, one of the sources of the systematic errors on the measured quantities is the uncertainty in the parton distribution functions (PDFs). The current proton PDF knowledge mostly originates from the deep inelastic scattering (DIS) measurements at the first ep collider, HERA. It has probed small x(g) region and had a reach of about The photon-gluon fusion in LHeC is to produce heavy flavour quark pairs as it can be seen in Fig.1 . In this vertex the gluon flavour PDF uncertainty has to be considered [2] . The gluon PDF is responsible to determine small x(g) region for low momentum fraction. In the conventional QCD framework, the PDFs for charm (c) and bottom (b) quarks are determined by fitting to the hadronic data [3] . In this study the maximum values of differential cross section and corresponding x(g) values have been investigated for several different PDFs in
CompHEP [4] software package. Obtained results clearly show the difference betwen PDFs.
The investigation of small x(g) region using the processes ep → ebbX and ep → eccX is presented in section 2. In section 3 the accelerator properties of LHeC have been summarized.
Finally, the generator level results of PDF distributions with bb and cc pair production obtained using CompHEP are analyzed in section 4.
THE PHYSICS CASE
In the ep option of the LHeC one can consider two cases: firstly e-beam energy with 60
GeV (LHeC Type-1) and second 140 GeV (LHeC Type-2). On the other hand, in another version of the ep collider, the beam energies can be extended to 250 GeV (and/or 500 GeV).
The processes ep → ebbX and ep → eccX have been used in the PDF uncertainty studies.
The subprocesses eg → ebb and eg → ecc have been used to measure of the x(g) where the gluon (g) is from the LHC protons, electrons are from an electron linac. The b quark final states are easier to identify due to b-tagging possibility using currently available technologies: for example, ATLAS silicon detectors have 70% b-tagging efficiency [5] .
In Table 1 we introduce the cross sections of heavy quark pair production for LHeC and ep colliders. CTEQ6L1 [6, 7] PDF distribution in CompHEP simulation program has been chosen for all calculations in Table 1 .
In Table 2 , maximum values of differential cross sections and corresponding x(g) values are
given for different PDF distributions at LHeC and ep collider. For example the differential cross sections for LHeC Type-1 and LHeC Type-2 achieve maximum values at CTEQ5L,
while maximum values for ep collider-1 and ep collider-2 are CTEQ4L and CTEQ5L for bb, CTEQ6L1 for cc, respectively.
THE ACCELERATOR PROPERTIES
The LHeC can be obtained by using a linac to accelerate e(e + or γ)-beam to 60-140 GeV and colliding with 7 TeV LHC proton beam most realistically from the upgraded LHC.
Such a collider has been proposed previously under the name of "QCD Explorer" project Table   III contains the Linac and LHC parameters. To provide the e-beam, so far two accelerator options have been considered. A "ring" option that can be achieved by the installation of an additional e − (or e + ) ring inside the LHC tunnel [13] . This option has the benefit of having the circulating beams similar to well known LEP operations however the maximum energy like SC linac and a NC linac. Efficient positron production for e + p collision at LHeC is explained in Ref. [14] . γ − p collision at LHeC is also possible where γ comes from Compton backscattering of laser photons off e-beam and it is an advantage for Linac-ring option but not possible for the ring-ring one [15, 16] . An additional benefit of a linac is the possibility of high electron (thus photon) polarization. The luminosity of the collider has been calculated by CAIN code [17] which was originally written for e − (e + or γ)−e − (e + or γ) collision and can be easily adopted to ep collision. In the case of LHC upgraded option of Large Pwinski Angle (LPA) [12] is used then number of proton per bunch can be inreased by 2.5 times thus the luminosity is also inreased by a factor of 2.5.
PHYSICS SEARCH POTENTIAL AND PDF UNCERTAINTY
The precise measurement of PDFs play crucial role in the framework of QCD studies. In Fig. 3 differential cross section versus the x(g) reach at LHeC Type-1 is plotted for different PDFs. It is seen that the dσ/dx(g) of cc pair production is larger than of bb pair production. In both final states, CTEQ6L1, CTEQ5L and CTEQ4L adopt a similar manner
for large values of dσ/dx(g) and the others without CTEQ6L for small values. dσ/dx(g) of CTEQ6L achieves maximum value 0.4 nb for bb and 0.1 µb for cc pair productions.
Similar distributions for bb and cc pair productions at LHeC Type-2 are shown in Fig. 4 .
For example, differential cross section of bb pair production for CTEQ5L achieves maximum value 1.77 nb at x(g) = 9.17 × 10 −5 whereas that of cc pair production for CTEQ5L is 0.45
In order to show the distributions of PDFs for ep collider-1 we present the Fig. 5 , where the shift in the x(g) values of some PDF peaks from the others is clearly seen for cc final state. The same shift for cc pair production at ep collider-2 is more explicitly seen in Fig.   6 . This shift comes from gluon uncertainties which is most uncertain of PDFs and it is increases with √ s , can be used to choose more appropriate PDF when the experimental data became availible.
CONCLUSIONS
By investigating the processes ep → ebbX and ep → eccX, we have shown that PDFs for
LHeC and an ep collider adopt different manner. Obtained peak difference of differential cross sections in between these PDFs is about 60% and it is arise from LO, NLO and 
